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Introduction
two incumbents only introduced such di¤erentials in their charges in October 1998 (Vodafone) and in spring 1999 (BT Cellnet). In Ireland, Digifone entered the market in May 1997 with on-net/o¤-net di¤erentials while incumbent operator Eircell, only responded with similar di¤erentials in May 1999 (see Frontier Economics, 2004) . Finally, in Austria it was tele.ring who …rst introduced on-net price discounts upon its market entry in 2001 (see Dewenter, Haucap and Kruse, 2004) . In other countries, however, the combination of on-net discounts and high o¤-net prices has apparently been used by incumbents to sti ‡e competition. The most dramatic example may have been the case of the third mobile network operator in Slovenia, Vega, which exited from the Slovenian mobile market in 2006 after …ve years of operations, reportedly at least partly due to the aggressive on-net/o¤-net price di¤erences o¤ered by the two incumbents (see Trilogy International Partners, 2009). Similarly, the third mobile operator which entered the New Zealand mobile market in 2009 (called 2degrees) has lodged complaints against anticompetitive on-net/o¤-net di¤erentials by the two incumbent operators (see Commerce Commission, 2010). However, even though in some instances (such as recently in New Zealand) incumbents appear to have clearly used on-net discounts to foreclose the market against competitive entry, the above observation that, at least in a fair number of countries, entrants have initiated on-net discounts appears to be at odds with the idea that on-net price discounts are only used as a tool to foreclose the market by large incumbent operators.
One potential explanation may be based on the so-called "calling club" argument, formulated among others by Gabrielson and Vagstad (2008) . According to this line of reasoning, consumers are grouped into social networks or "calling clubs", the members of which call each other more often than people outside the network. Therefore, customers are less interested in the absolute size of a mobile network than in the number of friends and familiy members associated with a given mobile operator. In fact, many European operators o¤er tari¤ options with discounts for calls to "family and friends". Moreover, based on UK survey data, Birke and Swan (2006) …nd that the proportion of o¤-net calls falls as mobile operators charge a premium for o¤-net calls, but even in the absence of any price di¤erential between on-net and o¤-net, there is still a form of pure network e¤ect, where a disproportionate number of calls are on-net. In addition, they …nd that the choice of operator is heavily in ‡uenced by the choices of others in the same household. The utility that an individual consumer derives from using mobile telecom-munications heavily depends on who of her potential calling partners has already subscribed and to which network. More precisely, Birke and Swan (2006) estimate that roughly 9.2 million subscribers to a network have the same impact as one additional member from the same household being on the same network. Similarly, Corrocher and Zirulia (2009) have found that local network e¤ects (among partners, friends, and family) play a role for customers in Italy. Their paper investigates the extent to which that consumers take account of their contacts'mobile operators when choosing a provider for themselves. To this aim Corrocher and Zirulia (2009) rely on a survey of 193 high-school and university students in Italy and show that these consumers are highly heterogeneous with respect to the importance they give to the operators chosen by their friends/family members in choosing which provider to use. Against this background, discounting on-net calls may be seen as a tari¤ innovation in order to compete for families or other "calling clubs".
In this paper, we o¤er another, complementary explanation, which is based on recent observations from marketing science and behavioral economics. We start from the observation that, in reality, many consumers are chosing calling plans that are not cost minimizing for them (see, e.g., Lambrecht and Skiera, 2006) . As we will argue, the bounded rationality of mobile telecommunications consumers may be exploited to some degree by operators, and it may be more attractive for new entrants to o¤er plans with discounted on-net calls than for incumbents with a large installed customer base. If customers fail to weigh prices with the appropriate call minutes or probability of placing a certain call, but base decisions on unweighted prices, discounting certain call prices may be more attractive for newcomers than for incumbent operators, as we will argue below. This observation also o¤ers a new perspective on the competitive e¤ects of on-net price discounts.
The rest of the paper is now organized as follows: In the next section we review the related literature on consumer choice of multi-part tari¤s and tari¤ choice biases as well as the literature on price discrimination between on-net and o¤-net calls. Section 3 describes our survey and presents our empirical analysis, before section 4 draws out policy conclusions. Finally, section 5 summarizes our main …ndings.
Related Literature
In recent times, there has been a fastly growing literature on consumers' decisions between multi-part tari¤s and various tari¤ choice biases. This literature usually …nds that consumers fail to chose calling plan which would minimize their expenses. Given that the four mobile network operators alone o¤er more than 400 di¤erent tari¤s and that, as of 2010, there have been more than 150 mobile telecommunications services providers in Germany, 1 it is not really surprising that consumers do not chose the calling plan that would minimize their expenses. Even the neoclassical search cost literature, as initiated by Stigler (1961) , has shown that, if consumers face search costs, it is not optimal to compare all the prices available in the market, but to limit ones search to a limited number of o¤erings. As mobile calling plans are rather complex, usually consisting of far more than ten single prices for various types of calls or data services (such as SMS etc.) and as the human capacity to calculate and to compare complex pricing schemes is scarce, even standard economic theory would predict that not all consumers chose calling plans that minimize their expenses.
This search cost-based argument is not fully convincing, however, given the evidence on consumer choice in rather simple settings. In fact, for telecommunications services there is a long array of evidence by now, starting with Train, McFadden & Ben-Akiva (1987), which suggests that consumers su¤er from a ‡at-rate bias, i.e., consumers tend to prefer ‡at rates even in situations were measured rates are clearly less costly (also see Kling & Miravete (2002 Miravete ( , 2003 who …nds that consumers correct their eventual mistakes so that any ‡at-rate bias vanishes once one allows for consumer learning (also see Narayanan et al., 2007) .
In addition, there is also some evidence that consumers have di¢ culties in chosing cost-minimizing calling plans if the price vectors are rather complex (see Bolle & Heimel, 2005 ). This paper is most closely related to our survey. As Bolle & Heimel (2005) show consumers'comparison of price vectors can be the source of a fallacy in the presence of tari¤-mediated network e¤ects.
In the presence of on-net price discounts a provider with a small installed customer bases may be more expensive for consumers than a larger provider even if the smaller one has both lower on-net and lower o¤-net tari¤s than the large provider. Mistakingly comparing absolute price levels rather than average prices is called "a fallacy of dominant price vectors" by Bolle and Heimel (2005) .
This paper provides further evidence based on a di¤erent survey and also examines, by means of regression analyses, the characteristics of the indiviuals that (do not) su¤er from this fallacy. Hence, the present study also adds to the limited empirical research that is available so far on factors in ‡uencing tari¤ type selection decisions. Surprisingly enough, given the abundance of mobile tari¤ types it is striking that empirical evidence on customers' choices among various tari¤ options and on factors in ‡uencing tari¤ type selection decisions is still scarce for the mobile telephony service industry.
The related literature on price discrimination between on-net and o¤-net calls is limited. While La¤ont, Rey & Tirole (1998) deal with the issue in their seminal paper, they take …rms as symmetric and treat market structure as exogeneous. Hence, they do not address the main competition concern, namely whether on-net discounts can be used to foreclose the market or to preempt market entry. 3 This question is addressed by Hoernig (2007 Hoernig ( , 2008 . While the e¤ects depend on parameter constellations in his models, his papers show (a) that on-net price discounts can be used for anticompetitive purposes, but (b) that larger operators will also charge higher o¤-net prices in the absence of any anticompetitive intent. Hence, it is not the mere fact that on-net and o¤-net prices di¤er, but the size of the di¤erence that makes on-net/o¤-net price di¤erences anticompetitive. Calzada and Valletti (2007) show that incumbents have incentives to set high mobile-to-mobile termination rates which results in entrants having to charge higher prices for o¤-net calls. This in turn harms smaller entrants more than incumbents as most of the entrants'subscribers'calls will be made o¤-net. Moreover, call externalities further reinforce this e¤ect, as subscribers of smaller networks will receive relatively few calls, thus reducing the utility from joining a smaller network. Similar arguments have been developed under slightly di¤erent assumptions and model speci…cations in two recent papers by Lopez and Rey (2009) and Cabral (2009) . In a similar vein, various consultancy reports have highlighted that on-net/o¤-net price discrimination can be used to preempt entry or to constrain entrants'growth (see, e.g., Elliott, 2004; Harbord and Pagnozzi, 2008) . If, however, consumers su¤er from tari¤ choice biases, the case may be less clear cut than usually thought. As Bolle and Heimel (2005, p. 203) suggest "policymakers concerned that price discrimination in network industries may be used to limit competition may have less reason to worry than previously thought". This paper aims at shedding some more light on this question, based on a survey to be described in the next section.
Survey and Data Description
During the 2007 summer term a survey among 1044 students of economics (Wirtschaftswissenschaft) was carried out at the Ruhr-University of Bochum in Germany. The focus of the survey was on (a) the students'true behavior in telecommunications markets and (b) their hypothetical tari¤ choice under various given scenarios. Moreover, the survey contained a number of questions on the following issues:
1. Socio-economic background (age, sex, siblings, income, religion, political attitudes), 2. actual behavior with respect to telecommunications (carrier, calling plan, usage), 3. students'knowledge about the German telecommunications market, 4. their hypothetical choice of mobile telephone tari¤. Of the students surveyed by us, 68% reported to possess a mobile phone for at least four years, while less than two percent had a phone for not even two years. The average age of the students surveyed was 24.5 years, and 61 % of the students were male. Importantly, 90 percent of all students reported to pay themselves for their telephone bills. Moreover, 20% reported to use prepaid cards, 46 % postpaid contracts with free minutes (allowances), and 13% a ‡at rate. The remaining students were on standard measured rates. Finally, students self-report to use their mobile telephone for an average of 154 minutes per month. Participants were asked to report the average amount of their monthly bills as well as age and sex. Furthermore, students were asked whether they have …xed line access and whether they know their providers' o¤-net and on-net prices as well as their average length of calls. In order to obtain some impression of our students'behavior as consumers of telecommunications services, students were asked how often they had switched their mobile phone providers in the past and also how much time they had spent on gathering information before they made the decision which provider to choose. Additionally, students have been identi…ed who report that they usually do not look at their monthly bill by including a dummy variable. The next set of questions asked students to evaluate on a 0 to 10 scale how important di¤erent elements of their mobile telecommunications contracts was for them, for example the subscription charge, on-net and o¤-net prices, ratio of o¤-net versus on-net calls, SMS charges, free SMS, free minutes, and access charges. Finally, participants were asked which provider they had chosen in real life. The variable "expenditure per minute" is a measure of mobile phone expenditures per minute as a result of students'answers in the survey. Table 2 provides some …rst descriptive result. Students were asked to choose between two tari¤s, o¤ered by two di¤erent operators, A and D. Students were told they should assume that they would steadily place exactly 80 minutes of telephone calls per month (no uncertainty) and that operator A had a market share of 40 %, while operator D had a market share of 10% (with the rest of the market being divided between operators B and C). Assuming that calls would be distributed according to market shares, column 5 of Table 2 ("Total Bill") indicates the prospective bill a student would hypothetically face if (s)he had chosen either A or D. It is easy to see from Table 2 that most students did not choose the cost minimizing calling plan. The total bill clearly shows that the majority of participants could have saved money (hypothetically) by choosing operator A instead of D. However, in each of the seven experiments the vast majority of students chose the smaller operator, D, even though operator A would have been less expensive. This result provides some …rst evidence that people face di¢ culties in thinking about the relationship between o¤-net and on-net tari¤s. The next section provides detailled information on the results of the econometric analysis.
Empirical Results

Mobile Phone Expenditures in the "Real Life"
Participants were asked about their average monthly bill for mobile phone calls and their average number of outgoing call minutes per month. Based on this information, the customer's average expenditures per minute of outgoing tra¢ c were calculated, and personal characterstics that determine these expenditures were analyzed. The equation is estimated by standard OLS including heteroskedasticity robust standard errors following the White methodology (White, 1980) . The results are reported in Table 3 . An important determinant of customers'expenditures per minute is how often a consumer has switched to a new mobile operator in the past ("switches"). This suggests that learning is an important phenomenon in mobile telecommunications markets, as consumers who have switched more often in the past tend to face a lower expenditure per minute. Note that we control for the age of participants and that most of our participants are of very similar age in any case. Hence, it is rather unlikely that this …nding results from an omitted variable bias.
Furthermore, the length of consumers'information search before choosing a new provider strongly a¤ects a consumer's monthly mobile phone bill. The longer consumers search the lower their expenditure per minute for mobile phone calls. In addition, consumers'beliefs about the share of on-net versus o¤-net calls is important. Participants who indicate that this ratio is an important factor in choosing between providers have in fact, on average, a lower expenditure per minute. This …nding can be regarded as an indication that consumers who understand the mechanics of on-net/o¤-net price di¤erentiation are better o¤ than their counterparts who su¤er from a "price di¤erentiation bias".
These results are largely in line with the …ndings of Corrocher and Zirulia (2009). While the authors use a di¤erent approach (namely a cluster analysis), they also …nd that "consumers that spend time and attention around the use of mobile phone services (...) spend relatively little as compared to what could be expected and (...) consumers who do not take into account the choice of their social contacts when choosing their own operator pay an extra cost for this behavior." The results presented in Table 3 above suggest, quite similarly, that the time spent for choosing between operators, customer experience, and consumers'emphasis on on-net/o¤-net di¤erentials saves consumers money.
In addition, participants who highly value monthly free minutes have lower expenditures per minute. An explanation may be that these customers are rather price sensitive and invest more time into minimizing their mobile phone bill. Furthermore, dummy variables were included as indicators of participants' real life mobile phone operators. As one can see, Vodafone customers have higher expenditures per minute than other mobile phone users in the present data set. This observation is not that surprising, as the larger network operators in Germany, T-Mobile and Vodafone, usually have customers that value network and service quality more highly than low prices. 4 To obtain more information about consumers' decision processes when choosing between calling plans, students were asked to choose between tari¤s in various di¤erent situations described in the survey. The next section presents the regression results for these experiments.
Mobile Phone Tari¤s and Price Di¤erentiation Bias
This section presents results of the regressions related to the tari¤ experiment contained in the survey. The equations are estimated by standard OLS with heteroskedasticity robust standard errors (Wooldridge, 2001 ). Table 4 presents results for two di¤erent questions. In the …rst case students were given two alternative calling plans to choose from, while in the second case students had to choose between four alternative plans, which also included a monthly subscribtion charge.
Consumers are usually better o¤ if they look at o¤-net prices, whereas a strong focus on on-net prices increases the monthly bill in our survey. Hence, participants with an "on-net bias" tend to receive higher monthly bills. Consumers who describe themselves as well informed about the structure of onnet and o¤-net tari¤s have, on average, a higher probability of choosing the bill minimizing calling plan. Again, this …nding can be interpreted as being in accordance with Corrocher and Zirulia (2009) who report that consumers who focus on local network e¤ects face lower mobile phone bills. However, in our survey knowledge of on-net/o¤-net prices is only signi…cant (in a statistical sense) in the case of four alternatives. In such an environment, there is also evidence that consumers who place much emphasis on subscription charges usually have higher bills and, consequently, also higher probabilities of choosing more expensive calling plans. 
Conclusions
This paper has explored how consumers react towards price di¤erentiation between on-net and o¤-net calls in mobile telecommunications -a pricing policy that is common in many mobile telecommunications markets. Based on a survey of 1044 students it is demonstrated that some (but not all) consumers may su¤er from a "price di¤erentiation bias", i.e., a fair number of consumers may overestimate the savings that result from reduced onnet and/or o¤-net charges, as they do not appear to weigh the prices with the probabilities of placing o¤-net and on-net calls. In contrast, consumers who understand the mechanics of on-net/o¤-net price di¤erences have lower mobile phone bills and are better in choosing expenditure minimizing tari¤ options.
In addition, a learning e¤ect has been identi…ed showing that consumers who have switched more often to other network operators in the past pay, on average, less for mobile telecommunications services. The same result holds for participants who take more time collecting information about the tari¤ options best suitable for their telecommunications behavior. Furthermore, students reporting that they are aware of di¤erences in on-net/o¤-net charges in their own mobile phone tari¤s do better in our experiment resulting in lower expenditure per minute for our hypothetical mobile phone calls.
Another important result is the …nding that a large share of students does not correctly incorporate the structure of on-net and o¤-net calls in their calculations to …nd optimal tari¤s. This may help to explain why it have been the smaller operators in various countries who have introduced on-net/o¤-net price di¤erentiation. For competition authorities these …ndings suggest that the presence of on-net/o¤-net price di¤erentiation does not automatically raise competition concerns. Hence, a per se prohibition of on-net/o¤-net price di¤erentiation would most likely constitute a case of over-regulation, also against the evidence that small entrants sometimes use on-net discounts as a tool for competitive entry. Having said this, it should be nonetheless clear that a combination of low on-net and high o¤-net prices can still be used for anticompetitive purposes. For example, this was apparently the case in New Zealand when Vodafone New Zealand reacted to the entry of the third mobile operator, 2degrees, with an o¤er of 0,06 NZ$ for on-net calls, while charging 0,89 NZ$ for o¤-net calls (see Pullar-Strecker, 2010). Overall, a rule-of-reason approach to on-net/o¤-net pricing appears to be warranted where cases are judged on an individual basis, taking into account consumers' behavior towards such pricing policies. More generally, it is suggested to carefully study consumer behavior towards complex pricing schemes before reaching conclusions about their anti-or pro-competitive e¤ects. C ostp erm inute A verage cost p er m inute students virtually had to pay as a result of their tariff ch oice in ou r survey.
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